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Introduction {#j_hukin-2015-0176_s_001}
============

Basketball is characterized as an invasion team sport, where two teams dispute on a common field and the main objectives are to score goals, or points, and to prevent the opponent from scoring goals through individual, group and team actions ([@j_hukin-2015-0176_ref_002]; [@j_hukin-2015-0176_ref_004]; [@j_hukin-2015-0176_ref_008]; [@j_hukin-2015-0176_ref_009]). Among these team actions, the better the collective organization between players, the higher the probability of match success.

Additionally, basketball is a team game requiring various types of interplay, structured or not, for both defense and offense. Sub-phases of interpersonal, attacker-defender, 1-on-1 dynamics exist in basketball ([@j_hukin-2015-0176_ref_012]). However, as the game progresses over time, more complex forms are being observed. In the present study, a situation that involves more agents will be analyzed, particularly a 2-on-2 offense-defense interplay in which, in addition to the offensive ball handler, a second player is placing himself in the trajectory of the defender of his ball-handling teammate (screen) ([@j_hukin-2015-0176_ref_007]). In this way the screener is facilitating the ball handler to gain an unobstructed path to the basket. This action, one of the simplest forms of two players working together in a basketball game, is predominantly called the pick and roll (PNR) ([@j_hukin-2015-0176_ref_006]).

As research has shown, decisions and actions of subsystems in large organizations can be modeled as chaotic. Very few outcomes for system behavior can be completely prescribed in advance ([@j_hukin-2015-0176_ref_012]). Having that in mind, during the construction of the PNR, teams aim to gain not only from the ball handler's execution, but also from a possible and appropriate pass ([@j_hukin-2015-0176_ref_017]) to the directly involved screener (mostly a power forward or center) ([@j_hukin-2015-0176_ref_006]) or to the indirectly involved players who are away from the action, spotted up on the floor.

This form of offensive tactic is used at every level of basketball competition from pick-up games to the most recent men's world basketball championships ([@j_hukin-2015-0176_ref_021]; Bi Zhong-Chun et al., 2004). Verifying the empirical observations by many coaches, 34.8% of the dynamic offense used to create spacing among the top 8 national teams in the 2008 Olympics were PNR related ([@j_hukin-2015-0176_ref_007]).

Regardless of the offensive system utilized, the majority of the offensive possessions include some type of the PNR ([@j_hukin-2015-0176_ref_003]). It is safe to say, based on previous research, that the PNR is perhaps the most-used tactical pattern during a game in modern basketball ([@j_hukin-2015-0176_ref_020]). It is possibly the only offensive element that is present as an indicator of performance in all types of matches ([@j_hukin-2015-0176_ref_011]).

In recent years, there have been numerous efforts to analyze tendencies in basketball. Predominantly, relationships between game-related statistics have been sought ([@j_hukin-2015-0176_ref_001]; [@j_hukin-2015-0176_ref_005]).

Others have used possessions as an indicator for the explanation of wins and losses ([@j_hukin-2015-0176_ref_018]). Qualitative attempts to understand variables that are associated with winning have also been applied. Findings suggest that the better a team has built its offense and defense, the more chances exist for overall success ([@j_hukin-2015-0176_ref_015]).

The next step was to investigate which actual offensive situations were connected to success. Some researchers have examined the timing-related factors (fast breaks, secondary fast breaks, organized offenses) ([@j_hukin-2015-0176_ref_016]), whereas others have examined the spacing-related factors, e.g., of the inside game ([@j_hukin-2015-0176_ref_011]). However, the PNR has the highest frequency of occurrence of all offensive types and space-creation dynamics ([@j_hukin-2015-0176_ref_007]). Over the last 10 years, an increase of on-ball screens has been observed and this fact could be a factor connected with an increase in overall efficiency of high-level teams ([@j_hukin-2015-0176_ref_019]).

Researchers have viewed the importance of the PNR in a team's offense and started analyzing the PNR ([@j_hukin-2015-0176_ref_005]; [@j_hukin-2015-0176_ref_007]; [@j_hukin-2015-0176_ref_014]; [@j_hukin-2015-0176_ref_020]). Behavioral, contextual and evaluative variables have been examined ([@j_hukin-2015-0176_ref_011]). There has also been research conducted to inquire into significant differences in the efficiency of the PNR for a single team in a men's world championship ([@j_hukin-2015-0176_ref_014]). Additionally, poor performance in the PNR was considered to be significant for the failure of another team in the 2012 Olympic Games (Linggang, 2013).

In an effort to provide players and coaches with information about the game, advanced computer engineering has also been utilized. The PNR is used as a data mining factor to analyze basketball tactics ([@j_hukin-2015-0176_ref_010]).

According to the aforementioned literature, there is a lack of studies regarding the analysis of the PNR, especially in high level teams and thus, the purpose of the present study was to provide a comprehensive analysis of the PNR used by top European professional basketball teams. Additionally, the possible relationship between success in the PNR and the overall success of the teams was also investigated.

Material and Methods {#j_hukin-2015-0176_s_002}
====================

Sample {#j_hukin-2015-0176_s_002_s_001}
------

The sample consisted of the 24 teams that participated in the 2012-2013 season of the Euroleague Basketball Competition. This league is the highest level of competition in European basketball and second in the world, after the National Basketball Association (NBA).

PNR analysis was performed for all of the games played. The number of games was not the same for all teams. Euroleague operates with a group system; 24 teams start in 4 groups of 6 teams. All of the teams play against each other, home and away, two rounds in each group and a total of 10 games are played for all teams. The last two teams do not qualify for the next round of top 16. In this phase, teams are split into 2 groups of 8 and play a total of 14 games in two rounds. The top 4 teams in each group qualify for the Euroleague playoffs. The best team in a series of 5 games qualifies to the final round of the competition, the so-called "Final 4". In the final 4 games, two semi-finals are played and the winners play each other for the title, whereas the losers play each other for the third position. In this way, Euroleague teams play from 10 to 31 matches. A total of 502 matches were played and analyzed during that season.

Procedure {#j_hukin-2015-0176_s_002_s_002}
---------

Synergy Sports Systems software (Synergy Sports Technology, San Antonio, Texas, U.S.A., 2013) was used for the analysis. This software company owns the exclusive rights to provide the Euroleague teams with data on all of their games broken down into different categories, regarding the team game or personnel tendencies.

All of the PNR that were used and finished with the offensive team maintaining possession were analyzed. A total of 12,376 PNR plays were selected and examined. The analysis was based on the end result of offensive possession, with PNR plays classified into the following categories: (a) shot by the original ball handler, (b) shot by a non-directly involved player after one pass at the perimeter, (c) shot by a non-directly involved player after two passes at the perimeter, (d) shot by the screener when he is cutting towards the basket (dive in-Poll), and (e) shot by the screener when he is functioning as a perimeter player, moving away from the basket (Pop out).

For each of the 5 categories listed above, the shot was categorized into the following sub-categories:

1.  successful shot (made) after dribble penetration (lay-up)

2.  successful shot after dribble penetration and a free throw (from foul during the shot attempt)

3.  unsuccessful (missed) shot after dribble penetration

4.  foul during a shot attempt \[2 free throws (ft)\]

5.  turnover

6.  successful 2-point mid-range shot \[with dribble (pull up) or without (spot up)\]

7.  successful 2-point mid-range shot and a free throw (from foul during the shot attempt)

8.  unsuccessful 2-point mid-range shot (with or without dribble)

9.  foul during a shot attempt from mid-range (2 free throws)

10. successful 3-point shot (with or without dribble)

11. successful 3-point shot and a free throw \[from foul during a shot attempt (with or without dribble)\]

12. unsuccessful 3-point shot (with or without dribble)

13. any of the above, after one or two passes following a PNR

Statistical analysis {#j_hukin-2015-0176_s_002_s_003}
--------------------

For the statistical analysis, cross-tabulation analysis was used for the categorization of the various types of offense and attempts. Sums, means and percentiles are given. Additionally, Pearson Linear Correlation analysis was conducted for the initial examination of the relationship between PNR effectiveness and the final classification of the teams and also, step by step regression analysis was applied to explore the possible power to predict the final team classification based on PNR effectiveness. For all analyses, SPSS 21.0 was used and the level of significance was set at *p*\<0.05.

Results {#j_hukin-2015-0176_s_003}
=======

Descriptive statistics {#j_hukin-2015-0176_s_003_s_001}
----------------------

In [Table 1](#j_hukin-2015-0176_tab_001){ref-type="table"}, results of the PNR in all 5 selected categories for the 24 teams are presented. A disproportional relationship between PNR use and the points derived from each category was observed.

###### 

Percentages of shots and effectiveness for each PNR sub-category for all 24 teams

  Player's actions         Shots%   Points%   Points/Possession
  ------------------------ -------- --------- -------------------
  ball handler's shot      42.85    34.60     0.81
  1 pass after the PNR     28.40    30.90     1.09
  2 passes after the PNR   6.79     8.60      1.27
  screener's cut in        15.62    19.70     1.25
  screener's pop out       6.34     6.20      0.95

In the following figure, the results of [Table 1](#j_hukin-2015-0176_tab_001){ref-type="table"} are presented.

In [Tables 2](#j_hukin-2015-0176_tab_002){ref-type="table"} and [3](#j_hukin-2015-0176_tab_003){ref-type="table"}, results of the PNR used for each separate category according to the player who attempted the shot (a ball handler, a receiver of the first pass after the PNR, a receiver of the second pass after the PNR, a roll man, a pop man) and the means of execution as a percentage of total attempts are presented.

###### 

Percentage of perimeter player's shots per category for all 24 teams

                               Dribbler actions   Actions, 1 pass after PNR   Actions, 2 passes after PNR                  
  ---------------------------- ------------------ --------------------------- ----------------------------- ------ ------- ------
  made lay-up                  10.85              31.4                        4.21                          9.1    3.33    6.1
  made lay-up +1ft             1.15               3.7                         0.23                          0.6    0.12    0.3
  missed lay-up                15.02                                          6.91                                 4.76    
  2ft from lay-up              8.55               9.9                         3.01                          2.6    1.19    0.9
  made 2p pull up shot         7.33               21.1                        2.56                          5.5    3.21    5.9
  made 2p pull up shot +1ft    0.15               1.3                         0.03                          0.1    0.12    0.3
  missed 2p pull up shot       11.70                                          4.41                                 2.73    
  2ft from pull up shot        0.58               0.5                         0.37                          0.3    0.00    
  made 3p pull up shot         7.33               31.7                        0.74                          2.4    0.83    2.3
  made 3p pull up shot +1 ft   0.06               0.4                         0.03                          0.1    0.00    
  missed 3p pull up shot       14.32                                          1.36                                 1.43    
  Turnover                     22.95                                          8.42                                 4.28    
  made 2p spot up shot                                                        8.59                          18.6   8.68    16
  made 2p spot up shot +1 ft                                                  0.65                          1.9    0.48    1.2
  missed 2p spot up shot                                                      7.71                                 7.02    
  made 3p spot up shot                                                        17.80                         57.4   23.78   65.8
  made 3p spot up shot +1 ft                                                  0.11                                 0.00    
  missed 3p spot up shot                                                      31.36                                36.39   
  2ft from spot up shot                                                       1.51                          1.4    1.66    1.2

###### 

Percentage of screener shots per category for all 24 teams

                       Popman actions   Rollman   actions   
  -------------------- ---------------- --------- --------- ------
  made lay-up          20.00            49.3      41.65     77.8
  made lay-up +1ft     0.76             3.5       4.60      12.1
  missed lay-up        30.06                      27.70     
  2ft from lay-up      4.84             4.8       13.49     10.1
  Turnover             9.17                       12.56     
  made 3p shot         11.34            41.8                
  made 3p shot +1 ft   0.13             0.6                 
  missed 3p shot       23.69                                

In [Table 4](#j_hukin-2015-0176_tab_004){ref-type="table"}, classification of the 24 teams that participated in the Euroleague during the 2012-2013 season is presented. The table also includes the percentage of PNR successes for each team. The results were published by Euroleague Basketball and are the official results for the season.

###### 

Final Classification and success in PNR usage

  Team                      PNR Success
  ------------------------- -------------
  1\. OLYMPIACOS            40.83
  2\. REAL MADRID           38.87
  3\. CSKA                  40.65
  4\. BARCELONA             45.18
  5\. PANATHINAIKOS         43.88
  6\. EFES                  41.52
  7\. MACCABI               43.53
  8\. CAJA LABORAL          41.71
  9\. UNICAJA MALAGA        41.30
  10\. ZALGIRIS             40.16
  11\. KHIMKI               43.87
  12\. MONTEIPASCHI SIENA   43.63
  13\. ALBA BERLIN          40.34
  14\. FENERBAHCE           42.03
  15\. BESIKTAS             35.79
  16\. BROSE BASKETS        42.26
  17\. CHALON               35.90
  18\. OLIMPIA MILANO       43.83
  19\. OLIMPIJA LJUBLJANA   40.47
  20\. CANTU                39.84
  21\. PARTIZAN             38.46
  22\. CEDEVITA             38.84
  23\. PROKOM               37.67
  24\. LIETUVOS RYTAS       40.47

Linear correlation {#j_hukin-2015-0176_s_003_s_003}
------------------

Linear Pearson correlation analysis was applied to determine the relationships between the variables of the final classification and the percentage of PNR effectiveness. A significant linear correlation (r=−0.41, *p*\<0.05) was detected. This finding indicates that the final classification is correlated with the effectiveness of PNR use. In this case, further exploration of the relationship between the two variables was needed. The negative correlation is shown due to the ascending way in which the team classification is numbered.

Regression analysis {#j_hukin-2015-0176_s_003_s_002}
-------------------

Additionally, linear stepwise regression analysis of the variable "PNR effectiveness" was performed for the variable's ability to predict the final classification of the teams. The results (F=4.395*, p=.048*) are significant and the score of R^2^ \*100=17 expresses the common variance of the two variables. In this way, 17% of the teams' final classification can be explained by their effectiveness in PNR offense.

![Percentage of PNR use and the effectiveness of PNR actions](j_hukin-2015-0176_fig_001){#j_hukin-2015-0176_fig_001}

Discussion {#j_hukin-2015-0176_s_004}
==========

The need to set screens during offensive play has been well-documented from the earliest stages of basketball. The columns of indoor gyms were the first "screens" ever used. The offensive player would skillfully lead his defender right at the column to gain an unobstructed path to the basket.

Recently, many things have changed regarding basketball tactics. Players have become more athletic with much better technical skills. Coaches have used the PNR as the main offensive pattern at many different levels of competition. The necessity to increase the effectiveness of the PNR is more than obvious. Accordingly, it could be observed that the Euroleague Champions, Olympiacos, have used the PNR as the closing offensive maneuver in 41% of its total possessions. This finding is in accordance with [@j_hukin-2015-0176_ref_007] research which indicated that approximately 35% of the dynamic offense used to create spacing among the top 8 national teams in the 2008 Olympics were PNR related. Therefore, it is necessary to study which PNR options are more effective. Additionally, we would like to know whether the effectiveness in the use of this offensive tactic can predict the final classification in a basketball league.

Shots by a ball handler following the PNR are the most commonly used PNR tactic, with almost 43% of shots following the PNR being taken by the ball handler. Players who are spot up and receive the first or second pass take 28% and 7% of the shots following the PNR, respectively. At the same time, the screener will take 16% and 6% of the shots following the PNR when he rolls in or pops out of the basket, respectively.

Those results appear reasonable. For the most part, coaches ask their players to be aggressive and attack the basket at every opportunity. This tactic often forces the ball handler to take a shot following the PNR. The tactic also explains that a pass to the perimeter (35%) results in a shot more often than a pass to the screener (22%). Defensive players always have a tendency to cover the player closest to the basket first.

However, the 5 PNR execution subcategories are not equally effective. Specifically, the ball handler finishes about 43% of PNR plays, but this accounts for only 34.60% of the total points scored from PNR plays. A similar trend is seen when the screener goes away from the basket (pop). Although, the latter does not show a great difference in its occurrence and the points for which it accounts (6.34% usage with 6.20% of the total points scored). On the other hand, the largest percent of points is scored when a shot is taken after one pass to the perimeter (30.90% of the total points scored and 28.40% of the PNR plays). After 2 passes, we may observe similar results (8.60% of the points scored from 6.79% of the PNR plays). A pass to the screener when he rolls in the point produces 19.70% of points scored following the PNR and accounts for 15.62% of PNR plays. Thus, it is clear that it is more effective for a team to pass to the perimeter (after 1 or 2 passes) or to the screener, when he moves close to the rim.

Additionally, for the means of execution, we observe the following: (a) the ball handler is most effective when he drives the ball to the basket (10.85%), when he goes to the line for 2 free throws (8.55%), when he takes a mid-range 2-point shot (7.33%) or a 3-point shot (7.33%). However, such tactics also lead to the most turnovers, allowing 22.95% of the possessions to be turned over to the opponent; (b) the perimeter player who receives the pass for a shot finishes the play more effectively with a spot up 3- or 2-point shot (17.8% and 8.59%, respectively). Such tactics also lead to the fewest turnovers; (c) for shots after an extra pass (2 passes), a spot up 3-point shot is the most common tactic (23.78%) with the spot up 2-point shot the next most common (8.68%); (d) the highest percentage of success occurs when a pass is made to the screener who rolls in. In such cases, the player converts the 2-point shot during a drive at a 41.65% rate, is awarded free throws 4.65% of the time and draws a simple shooting foul 13.49% of the time. Contrarily, he misses the shot 27.70% of the time and turns the ball over during 12.56% of the possessions; (e) in the last subcategory, a screener who pops out will convert a 2-point shot 20% of the time and a 3-point shot 11.34% of the time.

In total, the most effective form of PNR attack is a pass to the screener when he rolls in (59.74%) followed by a shot after 2 passes (44.35%), a shot from the spot up player after 1 pass (42.68%), a shot from a pop out situation (37.07%) and when the ball handler shoots (36%).

The analysis of correlation among the variables of effectiveness in PNR use and final classification of the teams produced a positive relationship (r=-0.41, p\<0.05). The two variables correlate, and there is room for further analysis. This analysis considered whether PNR effectiveness can predict the final outcome for a team playing in a league.

Indeed, linear stepwise regression analysis showed (F=4.40, p\<0.05) that the final classification of a team could be marginally predicted from the success the team had in executing the PNR and this finding is in accordance with [@j_hukin-2015-0176_ref_015] research which observed that the better a team had built its offense and defense the more chances existed for overall success. Particularly, the explanation provided by the square of the correlation coefficient (R2≈0.17) is that 17% of the variance of team's final classification can be explained by the team\'s efficiency in the PNR. This percentage exceeds the level of significance (10%) set by [@j_hukin-2015-0176_ref_013].

The purpose of the present investigation was to examine the effectiveness of the PNR when used to end a possession. All such offensive plays used by the 24 teams that participated in the 2012-2013 season were analyzed. The results of this study can be generalized for such tournaments and high-level teams as all analogous possessions were used instead of sub-samples. The analysis of 502 games and 12,376 PNR plays can provide a relatively safe generalization of the results.

Conclusively, possessions that end with the screener's rolling in the shot and those that end with 2 passes following the PNR are the most effective uses of the PNR. The least successful use of the PNR is when the ball handler shoots. Also, the effectiveness of PNR offense explains a relatively small (17%), but significant part of the variance of the final classification of a team.
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